DEPARTMENT OF ENERGY
FY 2002 CONGRESSIONAL BUDGET REQUEST

FOSSIL ENERGY RESEARCH AND DEVELOPMENT
Program Mission

The U.S. rdies on fossl fues for about 85% of the energy it consumes. Many forecast that high U.S. reliance on these fues will
continue for decades. For example, the Energy Information Adminigtration’s 2001 Annua Energy Outlook projects that fossil fue
reliance could approach 90% by 2020. Accordingly, akey god of the Department's fossl energy activitiesis to ensure that economic
benefits from moderately-priced foss| fuels, and a strong domestic industry that creates export-related jobs, are compatible with the
public's expectation for exceptiona environmenta quaity and reduced energy security risks.

In support of thisgod, the mission of the Foss| Energy (FE) Research and Development (R&D) program is to enhance U.S. economic
and energy security by: (1) managing and performing energy-related research that promotes the reliable, efficient and environmentaly
sound production and use of fossl fuds, (2) partnering with industry and others to advance clean and efficient foss| energy technologies
toward commercidization in the U.S. and internationd markets, and: (3) supporting the development of information and policy options
that benefit the public by ensuring access to adequate supplies of affordable and clean energy.

To ensure that Federdly funded and developed technologies and related andlyss are relevant to market and public needs, and are
tranderred into commercia applications, FE participatesin joint partnerships with industry utilizing a variety of mechanisms such as
cost-shared contracts, targeted outreach activities, and cooperative research and devel opment agreements with the Department's National
Energy Technology Laboratory (NETL) and other National Laboratories.

Program Areas
The FY 2002 request for R&D is $449.0 million. Comparable activities (i.e., R& D plus demongtrations) were funded at $450.5 million

in FY 2001, not including atransfer of $95 million that does not come available for obligation until September 30, 2001. Including this
funding, Fossil R& D was funded a $545.5 million. In FY 2002 there are Sgnificant changesin emphasis within the R&D portfolio. In
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particular, additional funding is requested for activities under anew Clean Coa Power Initiative to demongtrate technology for advanced
clean cod powerplants. Turbine R&D isdiminated and R& D funding for naturd gas, petroleum, and clean fuds (from cod, oil and
naturd gas) is dgnificantly reduced.

Clean Coal Power Initiative

The Bush Adminidration is proposing anew vison in cod research. This Presdentid Initiative is a new effort within the Department of
Energy’s Foss| Energy program that combines investmentsin research and development with federal matching funds for research and
development and firgt-of-a-kind installations of advanced technologies on cod-fired power plants. As part of thisinitiative, the
adminigtration is requesting $150 million in FY 2002 for funding advanced research and development and a limited number of joint
government-industry-funded demondtrations of new technologies that can enhance the reiability and environmentd performance of cod-
fired power generators. The nation’s power generators, equipment manufacturers, coa producers and others will help identify the most
critical barriersto cod’ s use in the power sector. Industry aso will be required to share in the costs of theinitiative, with the private
participants share rising to 50 percent or more by the time new technologies are ready for testing at market-entry scales.

Fuelsand Power Systems

In FY 2002 Cod and Power Systems has been re-named Fuels and Power Systems. While this area continues to encompass the
Department’ s cod-related R& D, the name change highlights the multi-resource nature (e.g., ail, gas, cod) of fossl energy power and
fuel systems. The FY 2002 request for Fuels and Power Systemsis $159.8 million. The FY 2001 appropriation for comparable R&D
activitiesis $229.2 million. In FY 2001 Fuels and Power Systemns dso included an additiona $94.8 million for the Power Plant
Improvement Initiative.

Fuels and Power Systems addresses demands of the post-2000 domestic market, including the need for reliable, moderate-cost electricity
generation that can reduce emissions congstent with evolving environmental requirements while meeting growing eectricity demand.

These activities will dso hep U.S. industry develop options for alarge and growing export market, while contributing to nationd energy
security. Based on these priorities, the cod program is focused on four gods: (1) develop progressively higher efficiency and cleaner
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power generation systems with 10-20% lower busbar dectricity costs, which will ultimately evolve into a“Vison 21" fleet of new
power and energy plants with near zero levels of pollutants as well as CO,., (2) develop super-clean emission control systemsfor SO,,
NOXx, air toxics, and particulate matter that can be gpplied to exigting plants; (3) evauate economicaly viable approaches to carbon
sequestration to address climate change concerns, and ; (4) develop economically competitive technologies for the production of
dternative trangportation fuels and chemicas.

The Vison 21 concept integrates program goas to develop the full potentid of our abundant foss| fuel resources while addressing
climate change concerns. Vision 21 was endorsed in the November 1997 report on Energy R&D by the President’s Committee of
Advisors on Science and Technology (PCAST), and supported by the Nationa Research Council and other stakeholder groups. Vision
21 plants would comprise a portfolio of fuel-flexible systems and modules capable of producing a varied date of high-vaue fossl fuds,
(or in combination with opportunity fuels or feed-stocks) commodities and/or dectricity taillored to market demandsin the 2010-2015
time frame. Diginguishing features of the Vison 21 fleet are (1) capability to produce cheaper dectricity at efficiencies over 60 percent
when fuded by cod, and 75 percent when fudled with naturd gas; (2) near zero pollutants to meet more stringent emissons standards
(less than one-tenth of current New Source Performance Standards) at alower cost; (3) options for no net CO, emissons, (4) fue
flexible (cod, naturd gas, plus opportunity fues such as municipa and industrid wastes); and (5) aflexible set of integrated modules
configured to meet arange of market applications and capable of producing an array of high-vaue commodities (such as chemicals,
high-quality steam, liquid fuels, and hydrogen) at compstitive pricesin afree market. Many of the Fuds and Power Systems
technologies, after achieving their performance gods, will be integrated into the Vison 21 concept. FY 2002 power systems activities
tied to Vison 21 include achieving ultra-high efficiencies by working toward integrating advanced components such as a cod gadfier,
fud cdl and turbine.

Significant progress towards achieving these godswill be made in FY 2002 in the Clean Cod Technology (CCT) Demongtration
Program as projects involving gasification, advanced fluidized bed combustion, and fud cell technology progress. Supporting CCT
activities, an internet documentation database is now available that will dlow stakeholdersinterested in the progress and implementation
of CCTsto retrieve information. The infrastructure provided by the CCT projectsis deployed, in certain cases, to advance the R&D
program. Similarly, issues addressing systemic improvements in the technology from CCT projects are investigated under the R& D

program.
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Fuds and Power Systemsincludes five dements: (1) Central Systems; (2) Distributed Generation Systems; (3) Sequestration R&D; (4)
Fuels, and; (5) Advanced Research. Activitiesincluded in the $61.0 million Central Systems request for FY 2002 are divided into two
maor areas. Thefirg is Innovations for Exiging Plants. A mgor thrust of this program area is the development of technology to comply
with the requirements of the Clean Air Act Amendments (CAAA) of 1990 and new or pending regulations. The FY 2002 budget
request emphasizes. development of retrofit NO, control technologies for compliance with CAAA Titlel and Title 1V, Phase |
regulations, and new PM, s and ozone Nationd Ambient Air Quality Standards for essentialy al existing cod-based power plants;
determining PM., s source-receptor relationships as they relate to cod-fired power plant emissons; and field testing of air toxics control
technologies. For mercury, no practica control technology now exigts to Sgnificantly mitigate emissions from powerplants, so the focus
is on both effectiveness and cost. In addition, there may be opportunities for innovative gpproaches which address two or more of these
pollutants Smultaneoudy.

The second areain Central Systemsis Advanced Systems, which includes Low Emission Boiler System (LEBS), Indirect Fired Cycle
(IFC), Pressurized Huidized Bed (PFB) combustion, Integrated Gasification Combined Cycle (IGCC), and Advanced Turbines. The
target for coal-fueled, advanced central systemsis to achieve efficiencies in the 42-48 percent range in the 2000-2005 period that will
provide the engineering foundation for system efficiencies in the 55-60 percent range. These latter improvements could reduce CO,
emissions by over 40 percent compared to current coa-fired systems.

C TheLEBS programisdrawingto aclose. No further funding isrequested in FY 2002.

C IFC/IPFB are being refocused to emphasize hybrid systems. 1FC incorporates a new high temperature advanced furnace and
pyrolyzer which integrates combustion, hegt transfer and emission control processes. In FY 2002, the applicable combustion
technology for Vison 21 isfolded into the Vison 21 gasification/combustion hybrid concepts under IGCC. For PFB, mgor
emphagsin FY 2002 will shift to provide the key scde-up technology for gasification/fluid bed combustion hybrids for Vison
21 concept options.

C IGCC offersthe potentid for sgnificant increasesin thermd efficiency aswell as sgnificant reductions in capita costs, near-zero
emissions of pollutants, and the ability to co-produce dectricity and other valuable products. In FY 2002, the program will
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continue its focus on cost and efficiency improvements and performance optimization for power generation and co-production
goplications.

C TheAdvanced Gas Turbine Program work on utility-scale turbines will be completed in FY 2001.

The FY 2002 request for Distributed Generation Systemsis $45.1 million. These systems offer the potentia to cost-effectively meet
peak demand, and in some cases base and intermediate load, without the need for capitd intensive centra station capacity or costly
investmentsin transmission and digtribution. Fud cell digtributed generation systems have the additiona advantage of being capable of
reducing criteria pollutants well below current New Source Performance Standard levels, reducing non-criteria pollutants such as CO,
and acid rain precursors, and reducing therma emissions to the environment. In FY 2002, demondtration of acommercia-scale, 250kW
molten carbonate fud cdll (MCFC) power plant system will be completed to verify its gpplicability for the combined heat and power, and
digtributed generation markets. A demondration will aso be completed of a 220 kW - 320 kW solid oxide fuel cdl (SOFC)/turbine
hybrid commercid prototype in support of Vison 21.  Successful demondtrations could result in the congtruction of manufacturing
fadlitiesinthe U.S. A growing thrugt of the program is development of alow cost 5-kilowett solid state fuel cdll for distributed and
auxiliary power unit gpplications. Toward this end, the Solid State Energy Conversion Alliance (SECA) provides aforum to bring
entities together which are interested in low-cogt, high power-dengity, solid Sate fue cell systemsfor distributed generation and auxiliary
power unit gpplications. SECA is committed to developing advanced technology that can be readily customized, while sill being mass
produced to reduce cogts, with an initia cost target of $400/kilowatt for a complete solid state system.

Sequestration R& D explores the potentia for greenhouse gas reduction, particularly carbon dioxide. FE's sequestration research, which
is part of alarger DOE Sequedtration Initiative, is being carried out in collaboration with other parts of the Department, other government
agencies, nationd laboratories, other countries, and indugtria firms, and pursues a balanced set of gpproaches to establish both the
environmenta acceptability and the required technical and economic performance. The FY 2002 request of $20.7 million for
Sequestration R&D will carry to “ proof-of-concept” completion a number of applied R& D options being investigated as part of prior
solicitations. For example, integrated research and field demongirations of CO, sequedtration in degp, unminable cod seams and
depleted oil reservoirs will be conducted and sufficient data devel oped to determine reservoir integrity and the fate of injected CO,. The
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long-term program god isto achieve large-scae carbon sequestration at $10/ton, which could lead to the reduction of carbon emissions
by 145 million tons per year in the U.S. and 270 million tons worldwide by 2030.

The FY 2002 request for Fuds R&D is $7.0 million and focuses on development of critical components of the fuels technology
program. Thisincludes continued development of new ceramic membranes that would separate coa gas, biomass-derived gas, or natura
gas into constituents that could be chemically combined to new types of liquid fuels. Also included is advanced technologiesto cregte
new industries for the production of premium carbon and industria products from cod. No funding is requested for the steelmaking
process, which is investigating the direct reduction of iron ore. Funding was completed in FY 2001.

The FY 2002 request for Advanced Research is $26.0 million, which funds two types of activities. Thefirst isaset of crosscutting
sudies and assessment activities in environmenta, technica and economic analyses, cod technology export and internationd program
support. The second includes crosscutting fundamenta and applied research programs that focus upon developing the technology base
in the enabling science and technology areas that are critica to the successful development of both superclean, very high efficiency
coal-based power systems and coal-based fuel systems, with greatly reduced or no net emissions of CO,. These sysemsare
encompassed in the Vison 21 energyplex. Advanced Research seeks a greater understanding of the physicd, chemicd, biological and
thermodynamic barriers to achieving economic, technologic, and environmental goas and to identify ways to overcome those barriers.

Sgnificant potentid benefits can be redized from achieving the Cod and Power Sysems gods. For example, combining high efficiency
power generation with carbon sequestration technology has the potentid to reduce globa carbon emissions by more than 500 million
tons per year by 2030, and by much more as the existing portfolio of powerplants retires and is replaced by improved technology.
Potentia savingsin cost of dectricity is estimated at 0.5 billion per year by 2015, reaching $2.5 billion per year in 2030, and contributing
to power plant sdes of $10 hillion per year in 2030.

Natural Gas Technologies

In FY 2002, $21.0 million is requested for Natural Gas Technologies. This includes activities to help ensure that future domestic gas
supplies are adequate and reasonably priced. EIA, inits 2001 Annud Energy Outlook (AEO2000), projects over a60 percent increase
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in domestic natural gas consumption between 2000 and 2020, with nearly two-thirds used for eectric power generation. Thisrequires
increasing gas production from parts of the vast domestic resource base that are not currently economical to recover because of the
geologica setting, qudity of the gas, or location relative to infrastructure. The gas program focuses on technica and market needs, and
is cdosdly coordinated with industry. Activities seek to ensure long-term availability and rdliability of naturd gas a reasonable prices and
to improve the Nation’s ability to store, trangport, and distribute gas in an economic, efficient, and environmentaly beneficia manner.
Magor R&D dementsinclude: Exploration and Production; Gas Hydrates, Infrastructure; and Effective Environmenta Protection.

The Exploration and Production request for FY 2002 is $9.4 million, and includes arange of activities, foremost of which are:

C Advanced Drilling, Completion, and Stimulation projects to develop and demondirate tools and techniques that will result in
minimum formation damage, reduce costs and improve recovery, and minimize the environmenta impact of drilling-related

operations and waste disposal. FY 2002 cost reduction activities include development of the world' s first microwave-processed drill

bit and composte drill pipe.

C Advanced Diagnostics and Imaging Systems to devel op and demonstrate advanced imaging and prediction techniques for locating
productive areas within low-permesbility and fractured reservoirs, and identify and assess the potentia productivity of non-
conventiona gas reservoirsin priority basins to reduce exploration and production risks. These technologies will reduce the number
of dry holes; improve production from fractured reservoirs; increase U.S. exploration through greater industry access to and use of
geologic and geophysicd basin-scde data; and increase the cost effectiveness of fidld development, infill drilling, and extraction
Processes.

The $4.8 million request for Gas Hydrates is along-term effort seeking to convert the potentid gas hydrates resource (estimated at up to
320,000 Tcf) into gas reserves while devel oping technol ogies to assure safe petroleum operations in hydrate areas, and define the impact
of methane hydrates on the globa carbon cycle.

Foss| Energy’s $5.1 million Infrastructure Technology program includes activities to enhance the rdigbility and ddiverability of the
Nation's naturd gas pipdines and gas storage facilities. These efforts are motivated by increasing concern about the integrity and
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adequacy of the gas ddlivery and storage infrastructure. Thisis one of the criticd barriers to achieving 30 TCF domestic consumption,
projected by 2015, given the age of the exigting pipdlines, declining industry R& D for enhancing pipeline infrastructure, an uncertain
regulatory climate, and long lead times required for new pipdine congtruction. FY 2002 activities include development of advanced
gtorage technologies for high ddliverability facilities and smart automated inside pipeline inspection systems and repair technology.

The Effective Environmental Protection program request is $1.6 million. The program works to lower the cost of environmentd

protection through a combination of risk assessment technology development, regulatory streamlining, impact analys's, and facilitating
diaogue that attempts to achieve consensus among affected parties on ways to balance the need to devel op the Nation’s energy resources
with the maintenance of our environmenta values.

Oil Technology

InFY 2002, $30.5 million is requested for the Oil Technology program, which seeks to enhance energy security through increased
domestic production, as well as helping the U.S. to be aresponsible seward of its oil resources. The combined impact of FE R&D
could contribute toward preserving the availability of these resources, extending reservair life, and increasing domestic production.

Objectives of the ail technology program include: slem the declinein domestic oil production; improve the capability of the Nation's
petroleum industry to increase the supply of secure, domestic ail; and reduce and resolve environmenta issues associated with domestic
oil production and processing. These activities are carried out under the areas of Exploration and Production, Reservoir Life Extenson
and Management, and Effective Environmenta Protection.

The FY 2002 request for Exploration and Production is $20.4 million, which includeswork in severd aress:
C Advanced Drilling, Completion, and Stimulation work focuses on developing tools and techniques to drill, complete and simulate il

wells to reduce costs, improve well productivity, and reduce environmental impacts (smaler surface “footprint” and reduced drilling
wades). FY 2002 activities include demondrating safe, economic dimhole drilling technology under Arctic conditions.



FOSSIL ENERGY RESEARCH AND DEVELOPMENT OVERVIEW (Cont’ d)

C Advanced Diagnostics and Imaging Systems devel ops technol ogies and methodol ogies that improve the success rates and cost
efficiencies for the development of existing fields and the discovery of new fields. A specid focus is highly fractured reservoirs and
ultra-deep geologic exploration and devel opment environments.

C Resarvoir Efficiency Processes include research to develop and demondtrate tools and methodologies that permit oil operators to
recover hydrocarbons from known reservoirs not producible by current technology.

» Arctic Oil and Gas Research will develop advanced technologies for production and use of energy in the Arctic environment.

The Reservoir Life Extenson and Management program request is $4.8 million to provide improved technology and/or more efficient
methods to recover more of the 350 billion barrels of discovered but unproduced domestic oil resource, and increase recovery of oil from
Federd lands. Evaluation of past advanced fidd tridsin large, promising Class 1, 2, and 3 reservoirs will be completed. Demongtration
and testing of technologies specificaly targeted for independent operators will be continued.

The Effective Environmenta Protection FY 2002 request is $5.3 million for technologies and practices that reduce the threat to the
environment and decrease the cost of effective environmentd protection and compliance involved in il exploration, production, and oil
processng. The program will focus on detection and control of air emissions from gas and oil equipment and facilities, treetment and
reduction of produced water to meet environmental standards, remediation of soils that have been contaminated with hydrocarbons or
produced water, treatment and disposal of wastes containing naturaly occurring radioactive materids, underground injection of produced
water, and other approaches to manage oil and gas field wastes.

Research currently conducted under Ultra Clean Fuels to develop technology for the refining industry to make low sulfur fuel was
determined to be most gppropriately funded by the private sector. No funding is requested for this activity in FY 2002.

External Inputsto FE Program Planning
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A number of distinguished expert groups representing industry and academia have provided guidance on FE program priorities. For
example

C

C

The President’s Committee of Advisors on Science and Technology (PCAST), in its November 1997 report “ Federa Energy
Research and Development for the Chalenges of the Twenty-First Century,” recommended strong support for: (1) Vison 21, zero-
emission energy plants capable of producing combinations of energy, hest, fuds and chemicas from carbonaceous fuels; (2) new
gpproaches for capturing and sequestering carbon; (3) developing a science-based program with industry, Federal Agencies and the
Navy to understand the potentia of methane hydrates worldwide; (4) technology transfer and cost-effective demongtrations to help
maintain production from mature and margind regions of domestic ail production; and (5) foundation building R&D in universties
and National Laboratoriesto help maintain the energy technology leadership of the United States.

The June 1999 PCAST report “ Powerful Partnerships — The Federd Rolein Internationa Cooperation on Energy Innovation”
addresses ways to improve the U.S. program of international cooperation on Energy R& D to best support U.S. priorities and address
the key globa energy environmenta challenges of the next century. The report includes funding recommendations for a variety of
initiatives that include gpproaches such astax credits, regulatory assistance, training and Federa ly-supported R&D.

Industry groups, particularly formal advisory groups such as the National Cod Council, Nationa Petroleum Council, and the
recently-formed Methane Hydrate Advisory Committee, provide periodic guidance. Of particular importance to oil and gas R&D
activitiesis the December 1999 Nationa Petroleum Council report on Naturd Gas. Other important reports include survey results
from the Nationd Petroleum Council study "Research, Development, and Demongration Needs of the Oil and Gas Industry,” and
the Petroleum Technology Transfer Council Needs Assessment.  These surveys identified potentid high benefit R&D aress,
considering the near- and long-term needs of both the supply and utilization sectors, where industry respondents, for avariety of
reasons, do not believe the oil and gas industries will make adequate progress on their own.

Public input is obtained through workshops on various topics held throughout the yeer.

Other Program and Crosscutting Areas
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FE istaking steps to ensure that the U.S. benefits directly from cooperative research with foreign governments and multilateral
indtitutions as well as enhanced internationa regulatory coordination. FE isaso working with other Departmenta groups, Federa
agencies, internationa organizations and private sector companies to promote the export of domestic fossll fud technology, including
highly efficient processes that can reduce globa greenhouse gas emissions.

In the area of Environmenta Restoration, FE isworking to provide a safe environment at the FE R&D facilities, aswell as at off-dte
locations where R& D projects are sponsored.  In addition, FE is responsible for correcting environment, safety and hedth (ES&H)
problems at the Albany Center, aformer U.S. Bureau of Mines facility that was transferred to FE in 1997. FY 2002 funding & aleve of
$9.5 millionistargeted at corrective actions to ensure that the FE R& D facilities are operating in compliance with Federd, state and local
ES& H requirements, and that the environmental contamination associated with the on-site operationsand off-gite locationsis
remediated. The mgor share of funding will focus on environmenta remediation, indoor arr quaity and ventilation, industrid safety,
emergency preparedness, fire protection, control of toxic and hazardous materias, and protection of water and air quality. A sustained
commitment to ES&H is an important factor in retaining public trust in the conduct of FE activities.

The FY 2002 request for Program Direction and Management Support is $70.0 million. This provides funding for sdaries, benefits and
overhead expenses for management of the Fossl Energy program a Headquarters and the Nationa Energy Technology Laboratory
(NETL), with Stesin Morgantown, WV, Fittsburgh, PA and Tulsa, OK.

The FY 2002 request for the Import/Export Authorization Program is $1.0 million, which promotes the development of interfuel
competition and markets for U.S. naturd gas and eectricity through regulation of natura gas imports and exports, exports of eectricity,
and the congtruction and operation of dectric transmisson lines which cross U.S. internationd borders.

The Advanced Metdlurgica Processes Program at Albany, Oregon , for which $5.2 million is requested in FY 2002, seeks to determine
the factors thet limit service life of materidsin indudrid, structurd, or engineering gpplications and provide solutions to servicelife
problems through new materials technology, to develop and demongtrate technologies that will reduce waste and pollution, and to use
capabilities and expertise to provide focused solutions to high priority nationa problems. The research at Albany providesinformation
on the performance characteristics of materids being specified for the current generation of fossl-fueled power systems, on the



FOSSIL ENERGY RESEARCH AND DEVELOPMENT OVERVIEW (Cont’ d)

development of cost-effective materids for incluson in Vison 21 sysems, and for solving environmental emisson problems rdated to
fossl fired energy systems.  This program stresses full participation with industry and emphasizes cost sharing to the extent possible.



